We have determined detailed elemental abundances and stellar ages for a sample of now 38 microlensed dwarf and subgiant stars in the Galactic bulge. Stars with sub-solar metallicities are all old and have enhanced α-element abundances -very similar to what is seen for local thick disk stars. The metal-rich stars on the other hand show a wide variety of stellar ages, ranging from 3-4 Gyr to 12 Gyr, and an average around 7-8 Gyr. The existence of young and metal-rich stars are in conflict with recent photometric studies of the bulge which claim that the bulge only contains old stars.
Abstract.
We have determined detailed elemental abundances and stellar ages for a sample of now 38 microlensed dwarf and subgiant stars in the Galactic bulge. Stars with sub-solar metallicities are all old and have enhanced α-element abundances -very similar to what is seen for local thick disk stars. The metal-rich stars on the other hand show a wide variety of stellar ages, ranging from 3-4 Gyr to 12 Gyr, and an average around 7-8 Gyr. The existence of young and metal-rich stars are in conflict with recent photometric studies of the bulge which claim that the bulge only contains old stars.
Signatures on an intemediate-age metal-rich bulge population
The first 26 microlensed dwarf and subgiant stars in the bulge from Bensby et al. (2010 Bensby et al. ( , 2011 showed that the metallicity distribution of the Galactic bulge is likely bimodal with a paucity of stars around solar metallicities. Adding another 12 microlensed bulge dwarfs from the 2011 observing campaign the metallicity distribution of the current sample of 38 microlensed dwarfs is still bi-modal with two distinct peaks: one metalpoor peak with 16 stars and an average metallicity of [Fe/H] ≈ −0.6 and one metal-rich peak with 22 stars and an average metallicity of [Fe/H] ≈ +0.3. A two-sided KS-test with the red giant sample in Baades window from Zoccali et al. (2008) , re-analysed by Hill et al. (2011) , gives a p-value of 0.47. This means that we can not reject the null hypothesis that the microlensed sample and the red giant sample are drawn from the same underlying metallicity distribution. Figure 1 (left-hand plot) shows the age-metallicity diagram for the microlensed bulge dwarfs. At sub-solar metallicities the stars are pre-dominantly old with ages between 9 and 13 Gyr. The average age is 10.6 Gyr with a spread of 3.3 Gyr. The 22 stars at super-solar metallicities on the other hand show a wide range of ages from only a few billion years old to as old as the Universe, i.e. spanning the full range of ages from the Galactic disk to the halo. The average age is 6.9 Gyr with a spread of 3.6 Gyr for the stars at super-solar [Fe/H]. Photometric studies toward the Galactic bulge appear to indicate that the bulge population is all old and that there are no signs of a young or intermediate age population in the HR diagrams (e.g., Zoccali et al. 2003; Clarkson et al. 2008 ). However, the metallicity distribution of the bulge spans a large range of metallicities (e.g., Fulbright et al. 2007 ). In the right-hand plot of Fig. 1 we show the microlensed sample, divided into the metal-poor and metal-rich sub-samples, on top are shown isochrones with different metallicities. The rectangle outlines the same T eff − log g region in each of the two plots. It is clear that, if a metal-poor isochrone would be plotted on top of the metal-rich stars, they would all appear old. This demonstrates the importance of taking isochrones with a suitable range of metallicities into account when estimating the age of the bulge from HR diagrams.
In summary, the sample of microlensed dwarf stars in the bulge shows evidence for a bi-modal bulge population and that the metal-rich population has a significant fraction of intermediate-age stars (but see Nataf & Gould 2011 ). This will be further investigated in an upcoming paper.
